The physico-chemical and biological (algal and bacterial) quality of tap water in Tanta City were elucidated. Samples were collected during December 2011, covering all the water plants and the areal extension of the pipe line network in Tanta. Total dissolved solids content classifies water origin into surface water, shallow and deep groundwater. Fe, Mn and hardness in some samples of groundwater origin are obviously exceeding the WHO (World Health Organization) limit. Mostly, green algae are found (31 species), followed by diatoms (19 species), then blue-green algae (13 species). CCA (Canonical Corresponding Analysis) indicates that green algae are strongly correlated with pH, NH 4 , alkalinity, Mn and Si; diatoms with EC (electric conductivity), turbidity, Zn and Si and blue green algae with EC and alkalinity. 50% of samples of surface origin, 80% of samples of both deep and shallow groundwater origins crossed WHO and Egyptian guideline in their content of mean TCC (Total Coliform Count). CCA estimates strong correlations of TCC with temperature, NH 4 and PO 4 ; E. coli with EC; heterotrophic bacteria with turbidity and NO 3 ; Salmonella sp. with Si and SO 4 and Pseudomonas aeruginosa with Mn. Finally, the water plants treatment may be not effective and pipes serve as a reservoir for pathogenic microorganisms.
Introduction
Water is the most important thing for both human and the equilibrium of natural life. Every person needs approximately 2 L of clean drinking water pre day [1] . At the national level, domestic water use is 8% of total water use estimated at about 5. The standards for drinking water can be attributed to two main criteria: (1) the absence of objectionable taste, odor and color; (2) the absence of substances with adverse physiological effects [2] . Therefore, water has to meet up with certain physical, chemical Drinking water should contain no algae. Algae can affect water characteristics, such as alteration of organoleptic properties [6] . They produce mutagenic and carcinogenic substances which cause chronic effect on human physiology [7] . Certain cyanobacteria can produce toxins with pernicious health effects-diarrhea [8] , to cite as an example, as an acute effect and cancer in the ultimate instance [9] . Whereas, diatoms generally produce obstructions in filters because of their silicon frustules [10] . The public health standards for safe drinking water for human consumption have the following bacterial guidelines:
free from important index/indicator organisms including coliform bacteria (total coliforms, E. coli) and faecal streptococci/enterococci [11] . According to the WHO [12] , E. coli is the parameter of choice for monitoring drinking water quality. Also, drinking water should not contain any bacteria indicative of fecal pollution such as Pseudomonas sp..
Heterotrophic bacterial count should not exceed 500
CFU (colony-forming unit) per mL [13] .
Faecal contamination indicator bacteria have difficulties surviving in drinking waters when the concentrations of nutrients are carefully controlled [14] .
Indeed, episodes of algal proliferation or heavy rainfall contribute to the temporary increase in specific organic compounds in untreated waters. High and low molecular weight extracellular algal compounds have been identified, including amino acids, peptides, fatty acids, carbohydrates, and vitamins [15] .
Most components in water distribution networks may become excellent microbial environments.
However, the persistence and proliferation of microorganisms in these systems are influenced by a number of factors [16] . Microorganisms, forming biofilms, colonize most of the exposed surfaces.
Important categories of these organisms include bacteria [17] . In surface waters, algae occurring both in planktonic form and, as biofilms, may contain species which form toxins such as microcystin [18] and represent a serious threat to human beings. This paper aims at determining the quality of tap water in Tanta City and relates the physicochemical and biological characteristics of tap water with standard guidelines for safe consumption or usage, aiming to estimate the efficiency of both treatment in water plants and the network of water pipes in Tanta. Tanta City is selected as it is the capital of Gharbyia governorate, the main target of the environmental strategic research plan of Tanta University, where authors affiliate.
Materials and Methods

Sampling
Twenty tap water samples were collected from Tanta City, during December, 2011. Sampling sites were chosen to cover all water plants and areal extension of the pipe line network in Tanta (Fig. 1 ). Samples were obtained directly from the taps after allowing the water to run for at least 5 min.
Physico-Chemical Analysis
Drinking water samples were collected in prewashed clean polyethylene bottles. Temperature, pH, TDS (Total Dissolved Solids) and conductivity of the samples were measured in site. Samples were subsequently stored at 4 °C, for as short time as possible, before analysis to minimize physicochemical changes [19] . Because very little particulate matter was present in the sample, filtration was not considered necessary. Concentrations of alkalinity and chloride were measured by titration. Nitrate, nitrite, ammonia, sulfate and phosphate concentrations were determined by spectrophotometer. Turbidity level was examined by turbidometer. Cation concentration in acidified samples was measured using the ICP-AES (Inductively Coupled Plasma Atomic Emission Spectrometery) at the Institute of Desert Research, Cairo.
Algae Analysis
1 L of each sample was preserved with Lugol's solution (iodine in potassium iodide) standard method [20] for the qualitative and quantitative investigation of phytoplankton. Identification of the algae was made according to Prescott [21] , Whitford and Schumacher [22] . Counting of the phytoplankton population was made using a Sedgwick-Rafter counting chamber [23] .
Bacterial Analysis
500 mL samples were collected in plastic sterile bottles containing 0.25 mL Na 2 SO 3 , whenever the water samples were chlorinated. Samples were taken from an inside faucet with the aerator removed, sterilized by flaming the end of the tap with disposable butane lighter. Samples were collected at the tap after running at full force for 5 min [24] . They were placed in a portable cooler (4-8 ºC) and transported to the laboratory, where they were analyzed within 24 h from sampling.
Examination of TC (Total Coliforms), heterotrophic bacteria, pathogenic bacteria (fecal streptococci, Salmonella sp., Pseudomonas aeurginosa, Escherichia coli and Staphylococcus aureus) were carried out for each sample in a duplicate manner using a membrane filtration technique [25] . Under aseptic conditions, 100 mL of drinking tap water sample was filtered through a gridded sterile cellulose-nitrate membrane filter (0.45 µm pore size, Sartorius type filters) under partial vacuum. The membrane filters were immediately removed with sterile forceps and placed on the following media with rolling motion to avoid entrapment of air: m-Endo agar for total coliform bacteria detection after 24 h at 35 ºC [25] , m-HPC (m-Heterotrphic plate count) agar for selective detection and enumeration of heterotrophic bacteria after 48 h at 35 ºC. mE (m-Enterococcus) agar and M-PA-C agar (BBL, MD) were used for detection and enumeration of Fecal streptococci and P. aeruginosa respectively, after 48 h at 35 °C and 72 h at 42.5 °C, respectively. Different agars were used for detection and enumeration of different bacteria. They include Mac Conkey agar [26, 27] for E. coli after 24 h at 45 °C, bismuth sulfite agar for Salmonella and manitol salt agar for Staphylococcus aureus (yellow colonies) at 37 ºC for 24 h. All colonies with different characteristics on cultured media were subcultured onto NA (nutrient agar) for purification. Isolated bacteria were identified on the basis of their colonial, morphological and biochemical properties following Bergey's Manual of Determinative Bacteriology [28] .
Statistical Analysis
Two trends of multivariate analysis were applied to understand the similarities in phytoplankton composition between different samples. These trends are classification and ordination. The TWINSPAN (Two-Way Indicator Species Analysis) was used as a classification technique [29] , while the DECORANA (DEtrended CORrespondence ANAlysis) was used as an ordination technique [30] . The data were statistically processed to estimate the mean ± SD (Standard Deviation) of triplicates, and Pearson's correlation analysis was used to determine the relationships between the microbial indicators according to SPSS (Statistical Package for the Social Sciences) version 16.0 (SPSS Inc., Chicago, IL). A P value of < 0.01 was considered statistically significant. The matrix of biological (algal and bacterial) analyses and physicochemical characteristics of the investigated tap water samples were subjected to CCA (Canonical Corresponding Analysis) using CANOCO (CANonical Community Ordination) program [31] .
Results
The physical and chemical properties of the drinking water samples from Tanta City were given in Table 1 and plotted in Fig. 2 . Table 1 shows that TDS content is one of the water properties that are affected by the source of water. Samples were classified into three groups: Group 1 samples that may relate to surface water source (1, 2, 3, 4, 5, 8, 9, 10, 11, 17) of TDS < 300 ppm; Group 2 samples that may relate to shallow groundwater source (13, 16, 18, 19, 20) of TDS > 400 ppm; and Group 3 samples that may relate to deep groundwater source (6, 7, 12, 14, 15) of TDS = 300-400 ppm. Groundwater pumped from wells less than 70 m is considered shallow but that of deep more than 90 m is considered deep.
Physico-Chemical Data
The pH values were acceptable in the range of 7 (Fig. 2c) . It means that the manganese oxidation treatment process in pumping stations is not effective for reducing its level.
The direct relation between manganese and silicon concentrations, as shown in Fig. 3 , indicates that such higher concentrations are related to the groundwater origin. Aluminum in the present water samples is related to surface input because its concentration was in the range from below the detection limit in water samples of groundwater origin to 0.296 mg·L -1 in the samples of surface origin. Nickel, antimony, tin, silver, bismuth, cadmium, cobalt and chromium are found below the detection limit in all the samples except few cases with no significance. The daily average intakes of silicon apparently range from about 20 mg·d -1 to 50 mg·d has the lowest level (0.18 mg·L -1 ). Barium and boron concentrations were lower than the WHO permissible limit in all the samples (Fig. 2c) . The concentration level of lithium, molybdenum, titanium and vanadium are very low and sometimes below the detection limit in molybdenum and vanadium.
Quantitative Estimation of Phytoplankton
Microscopic quantitative analysis of phytoplankton in collected tap water showed that they belong to three main divisions: Chlorophyta (green algae), Cyanophyta (blue-green algae) and Bacillariophyta (diatoms). Table 2 lists the counting species of each division, with their abbreviations for further usage in statistical analysis. The most abundant phytoplanktons are the green algae (31 species), followed by diatoms (19 species), whereas blue green algae are present with lowest abundance (13 species). On the other hand, some examined samples are free from diatoms and others are free from blue green algae.
Algal Count
The green algae species count (0. (Fig. 4a) . The number of species of each algal division, on the other hand, does not usually show the same relation with the source of water. The maximum number of green algae species (10 species) was reported in shallow groundwater related samples (sample 13, Fig. 4b ), while that of diatoms species (five species) was reported in surface water related samples (samples 2, 4 and 16), and that of blue green algae species (four species) was reported in surface water related samples (sample 17) ( Table 2) . Table 2 Variations in frequency of algal taxa in collected drinking water samples.
Algal species S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 Green algae Actinastrum hantzschii Table 2 continued Algal species S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 Diatoms Amphora ovalis Estimated similarities of algal composition among the studied tap water samples using TWINSPAN classification led to the classification of samples into eight groups at level five (Fig. 5a) . The segregation among the eight groups along the ordination plane of the first and fourth axes of DECORANA is obvious (Fig. 5b) pronum and Actinastrum hantzschii.
Statistical analysis of interrelationships between physico-chemical parameters and algal abundance using CCA correlations were derived (Fig. 6) . Abbreviations of algae species which are listed in Table 2 were used. A positive correlation is expressed Quality Assessment of Drinking Water in Tanta City, Egypt 270 by relatively long vector which roughly pointed into the same direction, whereas arrow pointing into the opposite direction indicates a negative correlation. For algal abundance with physical parameters, green algae are strongly correlated with pH, diatoms with EC and turbidity and blue green algae with EC. Considering correlation of algal species abundance with physical parameters, the strongest positive correlation is between green algal species of Ankistrodesmus angustus (G3), Kirchneriella contorta (G15) and Staurastrum dejectum (G27) with pH, temperature and EC, respectively; between diatoms species of Fragilaria capucina (D7) with EC, Navicula cryptocephaia (D10) and Syndra vaucheriae (D19) with turbidity; between blue green algae species of Dactylococcopsis acicularis (B3) and Merismopedia elegans (B8) with EC and turbidity, respectively.
For algal abundance with chemical parameters, green algae are strongly correlated with NH 4 , alkalinity, Mn and Si, diatoms with Zn, Si and blue green algae with alkalinity. Considering correlation of algal species abundance with chemical parameters, the strongest positive correlation is in green algal species of Oocystis parva (G21). Positive correlation was estimated between abundance of Spirogyra sp. (G26) with NO 3 , Chodatella armata (G6) with PO 4 and K, Ulothrix subtilissima (G31) with Zn, positive correlation between diatoms species of Fragilaria crotonensis (D8) and Surirella ovata (D15) with Zn and Si, respectively, and between blue green algae species of Dactylococcopsis rhaphidioides (B5) with alkalinity, Mn, Si and Ca. In contrast, abundance of other algal species is negatively correlated with the above-mentioned parameters.
Bacteriological Analysis
In general, heterotrophic bacteria are the most predominant in all samples. The highest numbers of bacterial isolates were recovered from samples that are related to deep groundwater source. However, the highest total means of HBC (heterotrophic bacterial count; 80.6 CFU·100 mL -1 ) was recorded in samples that are related to shallow groundwater source (Group 2) (Fig. 7) . The highest mean TCC (Total Coliform Count), on the other hand, was recorded in samples related to deep ground water origin (25 CFU·100 mL -1 ). Fecal streptococci were detected also in deep groundwater source-related samples with values up to 150 CFU·100 mL -1 while they were not recovered from both surface and shallow groundwater source samples. Bacterial count for all water samples were compared with the WHO [12] guideline value (Table  3) . TC counts for all samples were within the WHO guideline value (0 CFU·100 mL -1 ) except five samples collected from surface water, and eight samples, four collected from shallow ground and four collected from deep ground samples, respectively. For fecal streptcocci count, the lowest incidence in all samples are below the WHO permissible limits (0 CFU·100 and 9. For shallow and deep ground water samples, they exceed WHO limit except sample 13 and 12 for shallow and deep ground water, respectively. In addition as represented in Table 3 , four samples only exceed WHO limit for S. aureus and E. coli. While, all HB were within WHO guideline value (500 CFU·100 mL -1 ).
Analysis of correlation between abundance of bacterial divisions (Table 4) revealed that total coliform bacteria are significantly correlated with Fecal Streptococci., P. aeruginosa, Salmonella sp., E. coli and S. aureus (up to r = 0.992). On the contrary, no correlation was estimated between any of heterotrophic bacteria and the other isolated bacteria.
The CCA for correlation between bacterial count and physicochemical water properties (Fig. 8a and 8b) showed strong correlation between total coliform (B1) and temperature, NH 4 and PO 4 , E. coli (B6) and EC, heterotrophic bacteria (B2) and turbidity, and NO 3 , Salmonella sp. (B5) and Si and SO 4 , Pseudomonas aeruginosa (B4) and Mn. In contrast, abundance of other bacterial species is negatively correlated with physicochemical properties of drinking water samples.
Discussion
Safety of the drinking water in developed countries is usually accomplished through a planned monitoring activity. Absolute water safety is, however, impossible to achieve on account of both the numberless chemical and microbiological hazards potentially entering the water chain and the high intrinsic vulnerability of water to accidental or deliberate contamination [32] .
The analysis of the obtained results shows distinctive heterogeneity of physicochemical and biological properties among the studied tap water samples. This refers to both inadequate treatment in water plants, hence, the influence of water source, or post treatment contamination in distribution pipes. Physico-chemical properties of the studied samples in general are below the WHO [12] limits except for TDS, manganese and iron concentrations in some samples related mainly to the shallow ground waters. Nitrate also shows higher values compared to the original groundwater. These two phenomenons reflect the bad management for the purification and transportation processes. Soil water rich in sewage water may infiltrate into the pipe lines during the low flow rate causing water pollution.
Drinking water should contain no algae. Distinctive relationships between abundance of algal groups and the proposed source of water in most studied samples (Fig. 4) argue for the role of source of water in shaping algae in tap water of Tanta City. This assumes that treatment of water in plant was not 100% effective in removing algae [33] . Since algae can travel all the way from origin to the end point, the levels detected in tap water are exclusively from algae, not removed by treatment [6] . Some algae could proliferate or survive in the system in the dark, using the ability of some genera to develop mixotrophic and/or heterotrophic metabolism (extensively reviewed by Neilson, Lewin [34] ). These microscopic algae, having a relatively active role, could become members of the normal flora of drinking water systems [6] . In this case, it is logical to consider the possibility of algae regrowth, probably into the biofilms. Thus, biofilms in drinking water systems can serve as an environmental reservoir for pathogenic microorganisms and represent a potential source of water contamination, resulting in a potential health risk for humans if left unnoticed [18] .
For regulating the microbial quality of investigated drinking-water, the high HPC is indicative of the presence of high organic and dissolved salts in the water. This is consistent with the strong correlation between the HPC with the turbidity, K, Al, Cu and Sn, as estimated by CCA. High TCC above the WHO [11] guideline values points to fecal contamination [35, 36] of tap water in Tanta City. According to EPA [36], every water sample that has coliform must be analyzed for either fecal coliforms or E. coli. Significant correlation of total coliform with the number of pathogenic additional bacterial indicators is not in agreement with EPA and WHO standard for recreational use (stated that pathogenic organism must not be present in water) because they are of public health significance, having been associated with gastrointestinal infections [37, 38] . Many authors have reported waterborne disease outbreaks in water meeting the coliform regulations [39] . The detection of pathogenic enteric bacteria also reveals the alarming situation for water borne epidemics in Tanta city. The general trend of tap water of proposed mixed origin to contain the highest number of the isolated bacteria concludes that treatment against microbes in water plants was not highly effective. In addition, microbes can enter water utility distribution systems and biofilm formation may account for the persistence of microbes in the distribution systems [40] . The walls of the pipes in the distribution system provide ideal surfaces for microbial colonization [41] .
Conclusion
Physicochemical and biological (algal and bacterial) characterization of drinking water from Tanta City, based on 20 tap water samples collected during December, 2011 covering all water plants and the areal extension of the pipe line network in Tanta City, reports the following: (1) Fe, Mn and hardness in some samples of groundwater origin are obviously exceeding the WHO limit; (2) sixty three species of green algae, diatoms and blue-green algae that may cause unpotable taste and odor, and the samples of surface origin are the most containing for green algae; and (3) 50% of samples of surface origin, 80% of samples of both deep and shallow groundwater origins crossed WHO and Egyptian guideline in their containing total coliform count. This concludes that the treatment processes in water plants in Tanta City were not 100% effective. In addition, drinking water pipes can serve as an environmental reservoir for pathogenic microorganisms and represent a potential source of water contamination resulting in a potential health risk for humans if left unnoticed. Thus, domestic water sanitation and disinfection programs must be involved by the drinking water authority of Tanta City.
